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Claims 287-305 were previously pending in this application. In the complete 
listing of claims above, claims 290-292, 297 and 300 have been amended and 
new claims 306-307 have been added. No other claims have been amended, 
added or canceled by this paper. Accordingly, as reflected in the above claim 
listing, claims 287-307 are presented for further examination. 



Amendments to the Claims 

As just indicated, claims 290-292, 297 and 300 have been amended. Claim 
290 depends from claim 289 and ultimately from claim 287. Claim 290 now 
recites that "said substituted aliphatic group comprises halogen or sulfonates. 1 
Thus, only two members are now claimed in claim 290. Claim 291 depends from 
claim 287 and recites "wherein said enzymatic converting step (c) is carried out by 
a substrate comprising glucose, xylose, fucose, amino acids, or esters of 
phosphates, carboxylic acids or fatty acids. 2 Thus, the term "amides" has been 
deleted from claim 291 and the "phosphates, carboxylic acids and fatty acids" 
have been limited to their esters. In claim 292, several of the listed enzymatic 
activities have been deleted. Thus, as amended above, claim 292 recites "wherein 
said enzymatic activity of interest comprises an amidase, a trypsin or a 
chymotrypsin." 

The structure recited in step {a) (ii) in claim 297 has been amended to depict 
the groups R and R' as separate ring substituents. This change was precipitated by 



1 Originally, claim 290 recited "wherein said substituted aliphatic group comprises halogen, 
nitrates, sulfonates or nitrates." 

a Originally, claim 291 recited "wherein said enzymatic converting step (c) is carried out by a 
substrate comprising amides, esters, phosphates, carboxylic acids, fatty acids, glucose, xylose, 
fucose, or amino acids." 
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the indefiniteness rejection under 35 U.S.C. §112, second paragraph (see 
September 8, 2006 Office Action, page 2, no. 1). 

Finally, claim 300 has been amended In largely the same manner as claim 
290. Claim 300 now recites "wherein said substituted aliphatic group comprises 
halogen or sulfonate." 3 Again and as in the case of claim 290, two previously 
recited members in claim 300 have been deleted. 

It is believed that the foregoing amendments do not insert new matter into 
Applicants' disclosure. 

Entry of the above amendments is respectfully requested. 

Mew Claims 

As set forth on page 4 in the September 8, 2006 Office Action, claims 295- 
296 were deemed allowable if rewritten in independent form including all the 
limitations in the base claim and intervening claims. Thus, new claims 306 and 
307 have been added above, and these correspond to claims 295 and 296, 
respectively, except that base claim and intervening claim limitations have been 
included. New claim 306 recites in its preamble "[a] process for detecting the 
presence or quantity of enzymatic activity of interest in a sample, said enzymatic 
activity being dependent upon the presence or quantity of another compound, . . . 
In the first step (a) of claim 306, a sample (i) is provided that is suspected of 
containing enzymatic activity "that is dependent upon the presence or quantity of 
said another compound." New claim 307 recites in its preamble "la] process for 
detecting the presence or quantity of enzymatic activity of interest in a sample, 
said enzymatic activity being dependent upon the presence or quantity of an RNA 
or DNA probe, . . ." In the first step of claim 307, a sample is provided that is 
suspected of containing enzymatic activity that is dependent upon the presence or 

3 Originally, claim 300 recited "wherein said substituted aliphatic group comprises halogen or esters 
of nitrate, sulfonate or nitrite." 
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quantity of an RNA or DNA probe," Because claims 306 and 307 are merely 
claims rewritten with the limitations of the base claim and the intervening claims, 
no new matter is inserted by their presentation. 

Entry of new claims 306 and 307 is respectfully requested. 



The First Refection Under 35 USC §112. Second Paragraph 

Claims 297-305 stand rejected for indefiniteness under 35 U.S.C. §112, 

second paragraph. In the Office Action {page 2), it is stated: 

Claim 295 shows a structure of a chemiluminescent reagent 
comprising an aromatic moiety having R and R' substituents. 
However it is unclear if the R substituent is attached to the ring or if R 
and FT are linked and form only one substituent attached to the ring. 

The indefiniteness rejection is respectfully traversed. 

As indicated above, claim 297 has been amended above to show the groups 
R and R' as separate ring substituents. 

In view of the foregoing amendment to claim 297, Applicants respectfully request 
reconsideration and withdrawal of the indefiniteness rejection of record. 

The Rejection Under 35 USC § 102(b) 

Claims 287-292 and 294 stand rejected under 35 U.S.C. § 102(b) as being 

anticipated by Bronstein et al., U.S. Patent No. 5,800,999. The text of the 

anticipation rejection provided below is found on pages 2-4 in the September 8, 

2006 Office Action. 

Bronstein et al. discloses a 1, 2-dioxetane compound where, T 
is a stabilizing group (adamantly). The adamantyl group, spiro-bound, 
can be substituted at any bridge head carbon, to affect 
chemiluminescent properties. The remaining carbon of the dioxetane 
ring bears a OR substituent, wherein R Is generally an alkyl or 
cycloalkyl, although it may be a further aryl group. Preferred 
embodiments include substituted alkyls, with the substituent including 
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halogenated groups, such as polyhaloalkyl substituents. The 
remaining valence is occupied by an aryl moiety, preferably phenyl or 
naphthyl. If naphthyl, particular substitution profiles on the naphthyl 
ring are preferred. The aryl ring bears at least one substituent, X. In 
commercially developed dioxetanes, this is an enzyme-cleavable 
group. For instance, many assays employ an exogenous enzyme, 
such as alkaline phosphatase, to ensure reliability of the assay. The 
enzyme is typically conjugated to a binding ligand, either an antibody, 
a nucleic acid fragment, or similar binding pair member, which will 
bind to the target substance to be detected. Where the conjugated 
enzyme is alkaline phosphatase, the enzyme-cleavable group X will be 
a phosphate. The aryl ring may also bear a substituent Y, which is 
selected to be either electron donating, or electron withdrawing. 
Preferred groups include chlorine, alkoxy and heteroaryl, although 
other groups may be employed. These substitutions further effect 
chemiluminescent properties, and reaction kinetics. 

Uniformly, these dioxetanes are disclosed as useful enzyme 
substrates, that is, the binding pair member conjugated to an enzyme 
is allowed to bind to the target analyte, and after washing to remove 
unbound material, the dioxetane is added. In the presence of the 
conjugated enzyme, the protective group is cleaved, leading to 
decomposition of the dioxetane, and light emission. The thermal 
stability of the dioxetanes is superior to that of radioisotopes, 
fluorophores and other available chemiluminescent systems. Because 
biological assay conditions generally employ an aqueous media, water 
solubility, an important criteria, was met by use of the dioxetane 
substrates, which proved easy to use in both qualitative and 
quantitative determinations, in solutions, and in blotting assays, (col. 2) 

The anticipation rejection is respectfully traversed. 

It is believed that Bronstein's patent does not anticipate the present 
invention because it lacks a material element. More particularly, the present 
invention calls for the enzymatic conversion of R, into R,* which comprises a 
chemical reactive group G r An unstable light-emitting form of dioxetane is only 
formed in the present invention when a chemically reactive group G 2 (which is part 
of R 2 ) participates in an intramolecular chemical reaction with G, which has been 
formed by the enzymatic conversion of R 1 into R,*, In contrast, there is no 
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mention or suggestion in Bronstein et al. that after the enzymatic reaction, an 
intramolecular conversion could or should take place before forming the unstable 
dioxetane. 

Allowable Subject Matter 

Applicants appreciate the indication in the Office Action (page 4] that claims 
295-296 were objected to as being dependent upon a rejected base claim, but 
would be allowable if rewritten in independent form including all of the limitations 
of the base claim and any intervening claims. 

In response and as indicated earlier, new claims 306-307 have been added 
with the limitations of the base claims and intervening claims having been included. 

An early indication of the allowability of claims 306-307 is respectfully 
requested. 

Previously Submitted References 

In the Office Action (page 4), the Examiner indicated that the references in 
the PTQ-1 449 were lined through because they were not provided or were missing 
a publication date. 

In response, Applicants are providing as Exhibit A to this paper a copy of 
Dale et aU "Direct Covalent Mercuration of Nucleotides and Polynucleotides," 
Biochemistry 14:2447-2457 (1975). Dale et al. was provided as Exhibit 10 to 
Applicants' March 8, 2004 Information Disclosure Statement. 

It is respectfully requested that Dale et aL be made of record in this 
application and considered in determining the patentability of any and all claims- 
Early and favorable action is respectfully requested. 

******* 
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SUMMARY AND CONCLUSIONS 

In the claim listing above, claims 287-307 are presented for further 
examination. Of these, claims 290, 291, 292, 297 and 300 have been amended 
and new claims 306-307 have been added. 

The fee for adding new claims 306-307 is $200 based upon the presentation 
of one new independent claims above the three previously paid for independent 
claims. No other fee or fees are believed due in connection with this paper. In the 
event that any fee or fees are due, however, the Patent and Trademark Office is 
hereby authorized to charge any such fee or fees to Deposit Account No. 05-1 135, 
or to credit any overpayment thereto. 

If a telephone conversation would further the prosecution of the present 
application, Applicants' undersigned attorney requests that he be contacted at the 
number provided below. 

-Respectfully reubmitted, 



M3h 

Ronald C. Fed us 
Registration No. 32,567 
Attorney for Applicants 



ENZO LIFE SCIENCES, INC. 
o/o ENZO BIOCHEM, INC. 
527 Madison Avenue, 9* Floor 
New York. New York 10022-4304 
Telephone: (212) 583-0100 
Facsimile: (212) 583-0150 
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Direct Covalent Mensuration of Nucleotides and 
Polynucleotides''' 

R~ M. K. Dele,* E. Marling D. C. Uvmgswn,* and D. C. Ward 



SERIAL MO. 10/764.418 EXHIBIT A 
[TO APPLICANTS' OCTOBER 19, 
2006 AMENDMENT UNDER 37 
C.F.R. §1.115] 



I 



abstract: Nucleotides of cytokine and uracil arc readily 
mercuraied by heating at 37-50° la buffered aqueous goIu- 
itans (pH 5,0-8.0) containing mercuric acetate Proton 
magnetic resonance, elemental, ©lecLropborciic, and chro- 
raatographic analyses have shown tho products to be S-mer- 
curieytosinc and 5-mcrcuriuracfl derivatives, where the 
mercury atom is covalenily bonded. Polynucleotides can foe 
incremated under similar condition*. Cytokine and uracil 
bases are modified in RN A while only cyloslne residues in 
DNA are substituted. There- Is )Ut)e, if any, reaction with 
adenine, thymine, or guanine bases. The rate of polymer 
mcrcuratsoR is* unlike th&v of mononucleotides, markedly 



formation of ooordinatcon complexes between mercu- 
ric ions and nucleotides or polynucleotides has been known 
for over 20 years (Katz, 1952, 1963; Thomas, 1954; Yam- 
ane and Davidson, 1961; Simpson, 1964; Nandi et aL, 1965; 
Grutmwede! and Davidson. 1967; Mansy ct aL. 1974). 
These complies are quaauubla, readily reversed by the 
addition of agents that act as Uganda for Hg**, such as CT" 
and CN". and involve both valences of the Hg* + ion. Al- 
though the struct uro of the corapfaaes were never felly elu- 
cidated. Hg** binding appeared to resale from interaction 
with amino groups and ring nitrogens of the bases (fCatr, 
1963; Yamanc and Davidson, 1951), preferential blading 
occurring with A-T tec pairs (Nandi et aL, 1965). David- 
son and associates (Nandi et at, 1965; Wang et aL 15*3) 
utilized this selective binding to Induce largo buoyant densi- 
ty differences in CsiSO* between DMAs with different base 
compositions, or between single- and double-stranded 
DNA. Covalent 1 mercuripolynucleotidcs could have even 
greater utility in the selective separation of polymers, m the 
structural analysis of nolyoncJeniTdes or polynucleotide^ 
protein complexes, or in electron microscopic methods of 
gene mapping, provided the mercury $ubstiluenu> are (1) 
reasonably stable and (2) do sot significantly distort the 
polymer structure The high electron and buoyant density 
of the mercury atom and its affinity for free sulfhydryl 
groups (an proteins or chromatographic supports) vouW 
confer upon modified polymers unique physical properties 
which can be exploited. 



* From Uis Depfcttmeet ef Molecular Biepliydca and Biochemistry, 
Yale Ucrvmiiy School of kfaUrioe, Ntra> Mmren. Cuinczlkm 06JIC. 
Rec&nd December 6, this work Vfe* SBpuorted by Nm'onal Irt- 
slhutes of Hcahh Grants GM-20230-G2 ana <»M-201 24-02. 

* Present addresc Dtpanmeai of KologteaJ Scieace* Uarwrcity of 
di itdn n a \ U On drraai L OWo. 

6 A rocipknl of an American Cacccr Society — EkanoT fooscsrclf**- 
International FbllowsMp awarded by lha Intcreatkual Uabfl &£&ina 
Cancer, Permanent address: ImptriQl Oncer Research Fund. Lincoln* 
tnn FTcUSft London WC2, England. 

1 Although metal coordmaiioa ccrppkra contain *^DOC3dfn»ic-eovi> 
lart" baadi. |o IhU ned the toUowlpg paper flw lejtn covaloU fs ucd lo 
describe only carbon-bound mercury atoms. 



influenced by the forac strength of the reaction mixture: the 
lower the tonic strength the faster the reaction rate- Pyrrat- 
drne residues m single- mid double-stranded polymer* read 
at essentially the same rata. Although most polynucleotides 
can be extensively mereurated at pH 7.0 mscdium orTris- 
acetate buffers, tRNA undergoes only limited substitution 
in THs buffers. The mild reaction conditions give minimal 
single-strand breakage and, unlike direct iodinotion proce- 
dures, do not produce pyrrraidins hydrates. Mercuratcd po- 
lynudeotides can be exploited ma variety of ways, paxticO- 
larly by crystalmgr«phlc and electron microscopic iech- 
zumj es, as tools for studying r^ynudcotzde structure. 



Wc recently reported the preparation of covalent mercer* 
iauckHKldcs of cytname, uracal, and T-deazudenirte (Dale et 

1973). The nucleoside Mrrpbosphatn* of these 
pounds Vrcro, in tho presence of appropriate mareaptaus, ex- 
cellent aobatrale* for numerous nucleic add polymerases. 
Although covalcatly mcreoraled polynucleotides can bo 
prepared eiiaryrrmrJcaliy. the mild reaction oondtfona need 
for Gynthesizlog the modified nucleotides suggested flhaft di- 
rect polymer raercuration could be achieved as well In tWa 
and the accom pan ying p&ptr (Dale and Ward* 1973) we (I) 
detail the synthesis, sfructtnral charDcterizatioa, and proper* 
ties of the 5-mercuripyrimiSiDS compounds, (2) dessriba 
methods Sot controlled direct mercuration of DNA and 
RN A polymers, (3) report some of the physical and biologi- 
cal properties of both enzymarjcaHy and directly mcrcurnl- 
ed polynucleotides* and (4) describe a method for HtQ selec- 
tive end quantitative fractionation of polynucleotide se- 
quences complemeateyy to any mercuraled polymer probo 
by rapid chromatograpay of mcrcurated hybrids on col- 
umns of sarlOiydryJ-Sapharose. The studies reported here 
demonsirato that the bulky and potentially reactive mercu- 
ry auras do not significantly alter the structure of the poly- 
nucleotide (the mercury atom is located in the major groove 
of polymer duplexes) nor do they interfere \ntfa tho ability 
of the polymers to interact with polymerases, nceoleascs, and 
other polynucleotide bonding proteins. Meroiripolyn&oieo- 
lides, therefore, appear to be suitable probes for a variety of 
struaami studios. 

Materials and Methods 

Nonradioactive nucleosides and nucleotides wa par* 
chased from Sigma and RU Laboratories. Radiolabeled 
OTcaeetides (*f3 and 32 P) aad t^Hg] mercuric acetate were 
obtained from New England Nuclear Cerporateon. 
PoIy(U)» poly(C), pory(A), poly^O), dimzcleosido mono- 
phosphates, and calf thymus PNA (Typo V) «ere products 
of Sigma. Escherichia coli and yeast bnltt tRNAs were ob- 
tained from Schwarz/Mann. Pcritled yeast phaaylalBnyl- 
tRNA was kindly provided by Dr. Altx Rich. Double* 
stranded RNAs (Rco type 3 (deariag) and the repKcalwc 
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form of OS bacteriophage) were the g»n$ of Dr. AartW 
Shatkin and Dr. Dan Kolatcofsky. respectjYcry. rfWA was 
prepared from E. coli MRE 600 ribosomcs (gift of Marga- 
ret Seheniman) and 23S and 1 6S peak wore separated 
by velocity sedimentauon in sucrose gradicnis. T? was 
grown on £. eo/i SY106 and purified by CsCl denary cen> 
trirugaUon and the DNA isolated by phenol extraction. Pu- 
rified fd DNA and Ri7 RNA were tb* generous gift* of 
Richard Anderson and Dr. Joan Smite, respectively. Mer- 
curic salts, cfaramaiogropbk: resins, and other reagents were 
obtained from regular commercial sources. 

Proton magnetic resonance spectra were recorded on a 
Joci lvf-1 00 spectrometer, W© thank David Kabakoff foras- 
sistance wilh these measurements. Chemical shifts were 
measured rehriivc to an external tetramethylsflanc stan- 
dard. ^ _ 

Ultraviolet spectra were recorded on a Cary 15 spcclro- 
phoiometer. Routine spectral analyses were done using a 
Beckman 23K recording spcctTophotomctcr. 

Thin-layer electrophoresis was performed on a Brink- 
man-Desaga TLC apparatus using Eastman-Kodak cellu- 
lose plates (13255) without fluorescent Indicator. AH as- 
cending thin-tayer chromatography separations were dona 
era the same lypa cellulose support. Elemental analyses were 
performed by Baron Consulting Corporation, Orange. 
Goon. 

Suirbydryl-Sepharosc 6B was prepared according to the 
procedure of Cualrcessas (CuatreeRsas, 1970). The resin 
contained S.l unto! of eollhydryl groups/ml^ as determined 
by titration wHh 5^d^obs[2-iutobc3izDJc acid] (Ell- 
man, 1959). ThioI/CKr-550, a contrbfled pore glass bead 
resin containing 30umol tfsulfhydryl groups/ml, was pur- 
chased from Pierce Chemical Company, 

Since the rate and extent of polynucleotide mercuration 
are* unlike that of the mononucleotides, extremely depen- 
dent on the ionic strength of the reaction mixture (see text), 
polymer mBrcoration conditions will depend on the lavd of 
rncrcaration desired and on the length of time one wishes to 
expose the polymer to elevated temperatures. The following 
procedure, however, has bean employed as nur general 
method Tor quantitative mercuratiou of pyrimidme nucleo- 
tides, although other conditions can be used with equally 
satisfactory results. The compound to be mercurated is dis- 
solved in sodhlm acetate buffer (pH 6A 0.1 Af ) at a coo- 
* eentratioa of CL02 A/. An equal volume of aiO M mercuric 
acetate (dissolved in the same pH 6j0 acetate buffer) b 
added to the nucleotide solution and the oibttnre healed a1 
50° for 3 hr. After cooling, the mercurmucleoiides are 
chromatosrapHed on cotnmns of DEAE- cellulose (bicar- 
bonate) using & linear gradient of triethylaminonium bicar- 
bonate as the clnent. The mono-, di-, and triphosphates or 
Hg-C 2 and Kg-U elate at approximately 0.1, 0.22, and 035 
M salt, respectively. The mereurinucleotide fractions are 
pooled and desalted by rotary evaporation. After washing 
several times with methanol, the product is dissolved In 
water, adjusted in pH 7j0 with dilute ammonium bicarbon- 
ate, and stored at -20°. To prepare samples for long term 
storage or for elemental analysis, the nucleotides were, chro- 
ma togruphed on columns of DEAE-cdluloso (chloride), 
elultng with a CMM M gramcnt of tfihium chloride. Frac- 
tions containing nucleotide were concentrated by rotary 
evaporation, and the nucleotide was precipitated by the ad- 

*A*b*riqtioM teed an* Hs-U Hg-CL Hs-UMP. Hg-CMP. etc, 
the 5-rTKrrarf derivative cS U, C, UMP, CMP, eta. bs the chloride or 



ditiun of four volumes of acetone; The precipitates were col- 
lected by nitration, washed twice with ethane I- ether (1:4) 
and twice with ether, then dried in vacuo over sodium hy- 
droxide pellets. 

Mercurated pyrimidine nucleosides arc only liniitedly 
soluble b aqueous solutions (less than 1-2 ing/ml), unlike 
the parent compounds, and often precipitate during the 
coarse of the reaction. To purify, the reaction muxtureS are 
concentrated 3-6-foM by rotary evaporation, the mercuri- 
nuclcoside is collected by filtration, washed twice with cold 
0.1 M NaCl. twice with ethanoi, and ether, then dried in 
vacuo. 

Unreaded mercuric iO&s can be removed by passing tbo 
reaction mixture through a small column of Cade* I00 
resin (BIo-Rad Laboratories) which has been previously 
washed with 0.1 M sodium acetate buffer (pH 6.0) until pH 
equilibration has been obtained, Chdex ICO has on ex- 
tremely high afllnity for Hg* 4 * ions, binding approximately 
0.7 mequiv/ml of ream, but it does not normally adsorb 
mercurated nucleotides (R-Hg*). Since CheJex 100 can 
catalyze a slow demcrewtion* it Is advisable to test the 
resin before using it in a routine manner and to keep the 
resin exposure time to 9 minimum (15-30 mia). Chroma- 
tography of reaction mixtures on cohrmas of Sephadst 
0-10 will remove most unrcacted Hg 24 * ions under cendi- 
doms where no product demercuratlon cceura Final psriS* 
cation is then achieved by DBAB-ceWulose diremategpo- 

An alternative proosdore for purification, or for measor- 
tng product parity, is to chromatograph the reaction 
mixtures (after removal of free rig 2 * tons) on columns of 
sdmydryl-Sepharose or svlEhydryl-glasg beads, Meriamnu- 
cleoddeo are Quantitatively retained on these resins vhsrew 
nonmerenrated nscleotides arc doled. After washing the 
resin with 0.1 M TJaCI to rem ore any nonmerarratad male- 
rial, the mercurinucleotidcs are batch elated uith 0.10 M 
sodium cyanide Or 0-1 M mexcapiosihanoL The tusclcotide 
prod set ss precipitated Immediately upon ehitioa with four 
volumes or ethanol or acetone andl dried as above. Pro- 
longed exposure to high concentrations of cyanide or mcr° 
captansshmtld be avoided as they induce reductive demer- 
curatlon when present in large (50- 1003-fold) molar excess 
over the aepcurmudcotide. 

Radioactive mcrcurmuekoiides are readily prepared by 
the above precednres tssmg p^gJnteFoarfc acesate. Met* 
cury«203 is a relatively mexpensive csoiope ($1.20 per mCS 
in lOOmCI lots) wbjchemitsfl and yraolalion of 0.212 and 
0J28 MeV, respectively, with a half-life of 466 days* Cur- 
rently Qvaft&bte specific activities (4 Ci/mmnl) yield na- 
deotides that give 10 7 cpm/fig in either fi cry counters; 
howver, cTtlh isotopic enrichment spedGe activities of over 
I0 9 epm/ng are possible. Mercurinucleotktes radiolabeled 
with ^Hg are suitable foe oiimradtography (Figure 5) and 
for nudeoddo binding studies. 

Elemental analysis of the mercurated products revealed 
that hi each case only one mercury atom per base was intro- 
duced. Characterization of the compounds (see "Results*) 
has shown the mercury subsUiuent to he on the S position of 
the pyrimidine ring. Typical analytical results are given 
below for Hg-U and Hg-UMP, res^Jcctivcly- Calcd for 
CpNaOaHnHgCl: C 22^4; N, 5.84; 0, 20.04;H P 3^0; Hg. 
41^7; and CI, 7.41. Found: C, 2X16; H, 2M, N, 5.56; Hg, 
*U0. Calod for C^NiOoHjoHg PClNaa-HiO: C 17.41; N, 
4.51; H. 1^3; Hg Found: C, t7.3l; N. 4.70; X\S\ 
Hg,3148. 
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Time(rAlDures) 

PIGUufi I; Kineti'os Of DTP mcrairaUoii "m 0.1 W SQrfJUA acetate 
buffer: pH 4.0 (OK pH 5.0 <er). pH 6.0 And pH 7.0 (A). Each 
radian ( 10 ml), nta to duplicate, contained 6 X tc~* # UT? and A x 
itr^ Al f^Hghncrwic acetate (tpecifie acrivhy. 1.7 X 10* cpro/ 
junol); J Aral itlquols were rem«wed att the fridieaied limes and p po- 
etised as described andcr MotUral&arul Mclhcds. 



To follow the kinetics of nucleotide racrcuration reac- 
tions the roUowing protocol was used. Duplicate. 10-ml reac- 
tions were Incubated in the deaircd buffer coiuaioing 5 X 
10~^-5 X 10*~ 3 iV nucleotide and a fivefold malar exce** of 
P^HaJirrercuric acetate (1-5 X 1G* cpm/^mol). At appro- 
priate rimes, t ,0-ml aEquoi* v?crc removed an d added to a 
l.G-rtu* amspensioa of Chelex 100 resin on ice. The resin, 
prior to use, was adjusted to pH 7.0 by extensive crashing 
wilt 0.1 U sodium acetate buffer CpH 7.0). and Jested en be 
' sure ii did not catalyze aemcrcuralioxu The nucleotide- 
Chelejr suspension was stirred or shaken for 5 mm, then toe 
resin altered no settle. The supernatant liquid w&s removed 
and treated twice more with Chelex as described above 
After the third treatment lac resfB was removed by filtra- 
tion, the nucleotide concentration was determined spectro- 
pboiornfitricalry, and tfio ^Hg label net adsorbed to Che- 
lex determined by counting 0.1-rol samples in 3.0 ml of 
Aquasol using either a Packard scintillation counter or an 
Enter technique CG30 automatic 7- counter. Centred reac- 
tions containing only [^Hg] mercuric acetate wore pro- 
cessed in an Identical manner to provide the background 
level of unadserhed isotope. In all ones greater than 99% of 
the added P^Hg] mercuric acetate was adsorbed by the 
Chelex treatment. After subtraction of the background 
counts the ^Hg cpm/OD^ ratio wzs used to calculate 
the percentage merenration. Hie result* or duplicate reac- 
tions agreed to within ±2-5%. The covalem pature of the 
rnercu ration product was confirmed by dectrophoresis at 
pH 7.5 in the presence and absence of added merca ptedba- 
nol (see text). 

Results 

Ccvafeat Mcttur&iton of Mononucleotide Although 
both purine and pymnidine nucleotides rapidly Form qwrci- 
stablo meraury-nudeottde complexes at neutral ptf (Yam- 
nneand Davidson* t$6l: Ketz, 1*63), only pyrimfdine nn- 
ctea tides undergo facile covaient mercoration. Uracil and 
cytosme derivatives arc quantitatively mercuraled within $0 
mro when heated at 50° in 0.1 M sodium acetate buffer 
(pH's 5.0, 6,0. cr 7,0) containing a five- to si* fold molar ex- 
peas of mercuric acetate. The kinetics of UTP mercpration 
(Figure 1) are characteristic of all U and C nucleotides. In 
central, less than 2% of thymine, 1% of adenine, and 3R of 
guanine containing nucleotides are modified after, a 24-hr 



NO. 0331 P. 22 



Table U SpccJrtefty of U» KonomicleottfG Mercwatbn Reaction," 



Percent Macerated Protfuct 





3*r 


24*i 


Subwat* 


Reaction 


Reaction 


UTP 


100 


100 


CEP 


100 


100 


AT? 


OAS 


0.92 


C7TP 


0.5S 


SjO 


TTP 


1.7 


IJ 


TScadouildlnehi? 




13 



a Reaction* (2-0 ml) conmlned 6 x 1CT* W substrate and d x 10* 3 
M l**^] nvexcunc acutiitej (sptrific activity, 1.7 x 10° enm/junoD 
Is 0.1 M sodium acetate Butter (pH CO). Alter h&M3n&(es tfco 
eatedtfrne at 50° ths mheturex v?ere coolad on ten, oHofcd to 10 ml 
wfth water, applied to Z X 3 cm columns ofDEA^ctUotose (bi- 
carbonate rartft), and vs^htd to remove most unrceclcd nicrcorio 
3C3Me.Tft£ ancJeotidw was batch eurted With IrOM Ufe&yl- 
SDimoniutn bkaifett^tc, d edited 'by rotary erapozadan, end dfc* 
soTved in 1.0 ml of water. The mtdeotlde oontent bT^acS rtntffc 
WB5 detcysaJned SpcctrfiphotojnetrlCaHy and a known quantity of the 
n odeot hte elKlrophorwed at pH 7-5 trStnaed without added 
Taorcapioet&anoL Xba pqroant mnrcsoDtlon values »yass edlco- 
hitod fjcttm Its '"Haaarfinljbd assadattd with, nv abSoxbing nto» 
Wriil oTto rtfcfcaptaa U^xttabaL SlinSar vpluos Wio obteinud by 
the CSelBjj lOOo&erpdon t«4nlqut* des&iW «sd«a: Maau&b 
cad Methods* 



reaction under identical conditions (Table I). Since the pu- 
rine and thymine u u deoddes were not exhaustively purifled 
by chromatographic or dectrtphoxetic meaes before 07 
after mcrcursHca. the values given represent an upper Km& 
of substitution and may reflect, in part, the purity of the 
starting materiel* It is apparent, however, from these stud- 
ies that nucleotide derivatives of uracil and cylosroe react at 
least 100-200 times mater Khan other nueleodde?. It is in- 
teresting 10 note that pyrimidines with a snbstituent on the 
C-5 ring position (thymidane and pseudenridme) are as in- 
active as purines toward mercuratton. The pyrimidine speCK 
ficity or tho mcTCuraUoR reaction k similar to tbat seen 
with thalic chkrride catalyzed todination (Commcrrord, 
1571; Prensky et aL, 1071, Scherberg &nd Rereto/T* 
1974). However, unlike direct iodj nation, mercurotion pro- 
ceeds with equal facility on both U and C bases. In addi- 
tion, whereas extensive uracil hydrate formation occurs m 
the Codination reaction (Cornmerford, l97t» Schcrhnrg and 
Re£e?ofT» 1974) no hydration of tfie 5-6 double feond occurs 
during noercuration. Since mercurmuckotides can be rapid- 
ly converted to iodonudeo tides in high yields (see belc^7). 
icdmatlon via merouri intermediates may offer some advan- 
tages in the preparation of iodinatcd nucleotides aod poly- 
nucleotides. 

Although purine bases react cRtrcmcty slowly at neutral 
pH, they can be mercurated in low yield (10-10%) by re* 
fluxing in 50% acetic acid for extended periods (18-24 far). 
These extreme reaction conditions, however, preclude direct 
mercuradoa of purine compounds whh labile pyrophos- 
phate or phosphodiesicr linkages. Although the normal pu- 
rine nucleotides arc poor substrates for mofcuration, tho7- 
deazapuriae oaalogs of A and G are mereurated a* readily 
as the pyrimidines (Dale et al. t 1973). 

Mercuric acelale was selected as the mareurating agent 
because it is (1) highly reactive (P^akarovn and Nesmeya- 
rtov, 1967). (2) highly soluble in aqueous solutions, <3) 
readily available, and (4) inexpensive. Other nzereurie salts 
are, however, suitable Ggen&s. These Include mcreurie ni- 
trate, mercuric percblorate, luereuriacetaniide, and mcrtur- 
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Tabic IL Effect of Tcjapsrattsc Buffer Ccncemratloa, and pH to 
ifte Mdcuiliion of UTP.* 



KM' 



Ccncn 
(AO 



Sodium ccttate, pH 6.a &l n 

PH6.0 0.10 

pH 6\0 Q.10 

pH&O 0,005 

pHfi.0 0,50 

PH5J0 01 

&6JQ 0.1 

pH&Q OLI 

pH7X> <L1 

ph &o '0.1 



Ttrop 
CO 


vion 

(rata) 


UTP 

Mcrcunited 
<S9 


n 


13 


30 


so 


15 


33 


60 


IS 


72 


50 


90 


100 


so 


90 


94 


so 


90 


57 


so 


30 


26 


so 


30 


67 


50 


30 




50 




86 


50 


30 


7.5 


50 


30 


10.7 


50 • 


30 


9,2 



«Ths UTP and l 20 ^ ^revrfc acrlale coftctatraliom Tttr© the 
same si moSfl tin* si lh* loflnnl to Plsmo 1. The reaction* tod 
^IdLX^*^ ^ .Whcd under Msterifli and MSfcrtft. 

itrirotrejnethane, all of which function with an efficiency 
similar id that or mercime Acetate. Mercuric osido and 
mercuric sulfate are poor reageol* unce they are caly 
sttghtty water soluble. Mercuric balMo salts (e^, HgCk 
H^Sn) and mercuric cyanide are essentially inactive no 
appreciable teverf of covakot mcfcuratinin could be seen in 
our lest systems even after extensive reaction times. 

To minimhse the hydrotytic degradation of potential sob* 
ttxatcs we have chosen reaction condition which afford 
high yields whsn run ad or near ncutnd pH and at relatively 
low temperatures (SO 9 or less). The rate of racrcuradon 
can, however, be increased by utilizing higher temperatures 
or by Increasing oho merceric aossate/nncteodde ratio. As 
shown in Tabic II, the mercurttion of UTP. which is typical 
of both U and C monomers, exhibits a temperature cnefrV 
cicnt of apprhuima lory 1 3 and a pH optimum Beat pH 7.0. 

Mereuralion reactions are done in buffered sipzeezi? 9C&1-* 
lions la prevent the mixtures from becoming addle as the 
reaction (R-H + HgXa R-HgX + HX) proceeds. Sodi- 
um acetate, sodium citrate, potassium eft rote=ph ospha t©, 
end borate-sodiom hydroxide buffers have been found m\- 
tsractory. Buffers containing amine salts or halide ions 
aifiesntly reduce or 'totally Inhibit the reaction. For exam- 
ple, mercuratians done in TrEs-acetale buffer (pH 6.0) pro- 
ceed at one-tenth nfce rate of reactions carried out in an 
equivalent concentration of sodiom aecUie (pH 6.0) buffer 
(Table TI). Tris-chloride, glyclnoacetalo, and glydne- 
NaOH fauffers almost totally inhibit roerconrtnm. Arthough 
the buffer concentration can be varied considerably 
(00005-0.50 without si&nificaatfy affecting 
cleotide mercuration (Table II). changes in the ionic 
strength of the reaction profoundly' folrueaee both the rats 
and extent of polynucleotide mercuration (see below). The 
■ n&e of buffers or low ionic strength (<0.02 M) decreases the 
concentrations of both rcactanis that can be effectively em- 
ployed, since addition of mercuric salts to concentrated so- 
lutions of nucleotide (particularly polynucleotide) to dilute 
buffer causes an almost immediate prccipiiatzan of nontax 
alont mercurinucleoride salts. Once precipitated tho rata of 
covahmt mercuration is slfiiuTicanlJy reduced. Prcapimtion 
problems, cccasbaaHy seen with olbjo- and polynndeqddes 
containing a high C and/or G content, can bo circumvented 




NH 2 

OH OH OH OH 

CH) (H) 

I 2T 

'FICURS 1 Seme lure of S-raeccariurunae (daxxyuridme), I, and 5- 
mereurfcjrtldlne (dcaxjrcytidlDc). IU The nrncery Ugand. X, may he 
CT.CN", R-S", or dbfir approprtflic 



by increasing the ionic strength or the pH of the reaction 
bufle?. 

Swscrwal Ckoracitrtvuloxt of MereuvtmdetfidB& The 
moBOh, and triphosphates of C. dU, and dC <stctc 
converted to the corresponding mercsri derivatrva s& de- 
scribed under Moterrak and Methods. Although clcpierttnl 
analyses of r^e Teercorinnclcotides Indicated that each cxn> 
taiacd a sin^c mercury atom, the cite of meffcuTatina bad to 
be established. Since ncr^oseyrnercuration reactions gKooeed 
vf£i eSdetrophiho suhstlunioa (Matearoro and Neameyaiinv, 

1967) , the Etasly podtioo of attachmgnt an on (Mbe C-5 w~ 
bora, tho roust olettroncgative carbon of the r^rrimidme m> 
dsns (Poll man and Pollntan, 1969). Tfere© indepsndsns 
merheds were used to establish that the producto of ntercu- 
t ation are indeed S-xitwcurinucJeotines ( Rguro 2). 

1. Proton MACNffrtc rjssomaNCE (PMH): The mar* 
c^rinuoleotidfis as originally isolated (sea Materfato and 
Methods) oontoin either bicarbonate or chloride as the 
couat&rton to the bound mercury. When ceUOioits of such 
nmdeotide (0J0S-O.1 M in DjO) weis s^lysed by PMR bo 
resonance spectrum could be detected, caen at tha highest 
sensitivity seuines.- In contrast the enrfeaponding nonmer- 
curated parent compounds gave excellent spectra with the 
expected chemical strife, In order to obtain an appreciable 
PMR signal Crtjn (he tnercufirAJcleotide^ as equivalent 
morar concentration of a rncrCaptan, tnercaptaashaiio^ had 
to be added to the DiO'solutlea. Sines tig** and R-Hg* 
ions esq form ou&siatftMe complexes ttith phosphate and ar- 
omatic amines, wo believe that, in ths abssneo of rras-captan 
and oi hifth nucleotide concentration, mtemolaculair inter- 
actions generate polymeric charge complexes JPCV-R- 
Hg*-FOr-R-Hg*]A or (k-Hg— W-Ar-lrflfi— N-Arjfl 
whfeh abollshea the monomer resonance, Additicn of mer> 
eapteethaaol disrupts the polymede eofflftSea by forming 
the more stable mcnairithlocthnnol nudedtides. The com- 
plex Snnning abiUty of marcwmucleotiden con aico be den> 
onatrated saecimlly (see below). 

Figure 3 shows thadoTTUUleld PMR spseara o^ TjRaT> be- 
fore and after mcvcuTaliaru Onfy ihe chemical ahifta oa- 
signed (Jardetzky and JardetzZry, I960; Schweizer et aU 

1968) to the M-5 (6.37 ppm> and H-6 (8.40 ppm) of the pyr 
ritrddina ring and the H-Ci (6.41 ppm) of the sugar are O- 
lost rated. After uicrcurarion the H-5 doublet has disap- 
peared and Ihe H-^ doublet collapsed to a aingllei* Similar 
changes 1st the; chemical shifts of the H-5 'and H-6 protons 
of cytidine compounds were seen on rnascurafliocL Since the 
resonances of the other sugar protons were not altered 
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MERCURATSD POLYNUCLEOTIDES 




-UE 



H.UMP 



_jr 1 .. i.i-i. I l.i.linfll 



8 • T . . ' 

ChtmlcOl MU (ppmj 

now.* ^"Jl^VNff^ 
prater** sad B tan»«e> *<n«*iptolh»ae£ 22S OlI *Ts« 

icxifordiscuitien. 

conclude that the mercury atom is attached m Ue OS ring 

Wtai PH1CMP and pHJUMP (tritiated spectftcally a 
S £ Ston) we treated wish r^Hg]merwric acetau 
undilheTwndard reaction conditio^ the m-radlolsbei » 

ouired. In contrast, na tritium label Is nancved upon ««* 
Sof ^uridine, The lorn of the OS tntma eg* 
^rattan confirms ihe PMR results and wgges* ^ 
the reactim, proceeds via the classical «*■*■■ 
tioa mechanism (RH + HgXj 7 R«gX + HX). 

3. ConvebbioM Of Ho-UMP and HtkCMP to 
viooo-UMP AMD SJODOCMC Many organometeunals 
ere known to be susceptible to dentaeurniiw t» 
ef electrephiUe reagents, including nelogene (J eeeen aoa 
Rlctborn. 1968). Reaction or f*^^^^ ±[ 
mental iodine might therefore be expected «» the eoj- 
ZZr diftB OoAawoIeoUdes. Hg-UMP and H^CMP were 
Sil^rZ M W (w chance the «luKlHy 
in, to water) and treated with a 50* mpseeowtoatata 
solution of b. After standing at ™^*^,£A2' 
she reaction mixture! were extracted three t^ wt ™T 
reform, the residual aqueous aedutioiw mm* I d*«ngh 
Whitman No. 1 paper, and the JiltTatee chro^togtapW 
on cclumm ef DEAE^Uulore. The reaction ™* 
duied with ttiethyUmmonhtm bicarbonate (0.12 W) end 
subjected to spectral and chromatographic analyses against 
S mSplm of Wodo-UMP and 5-iodo^MP. De- 
nwrcuratioo of Hg-UMP and Hfi-CMP by h , gave, in near 
quantitative yields, imdeotides which were identical m ell 
respect* with the corresponding iodinated Terence com- 
pounds. The dsinerenrntien reaction is eatalyiedby a vert- 
etv 0 r deeUophiles and we have prepared a number « naio- 
eenated and tritiated nucleotide compounds by tins general 
method, the details of which will be published elsewhere. 

Props*!* of Utrcurattd Nvcltoildes. Mereurete* py- 
ridine nucleotides and nucleotides, ,llh °^S*r£ 
many respects, do possess a number 5* s "^ n * 
lios/Foreaample they form gala when dissolved in water at 
high concentrations, most likely a eer^eenee or .nterme- 
(ocular interactions of the type described above. Although 




WMahnMh turn) 



IjO 



c mini 4- Ttieuv cpecm af KpWP (A) aad H5CMP W hi 

OOl 1/ Trte-HCLW 7X) without added »»^'"»e^TheiD*r 
Sttto^aeOWtaSer Hg-UMP end Hg-CWP at pH 7.0 Cn Mfh 
N»a) are IW00«>d MOO, tapeedwly. 

the viscosity drops on (fihilion. compka /onnatko stifloo- 
««raa as judged by speciropholcme^cmea- 

wrements. The observed uv absorption of mertorated no- 
deotides is. unlike lh»t or the parent compounds, salt and 
SLraiu* dependaou Addition or sodiom chJ««o to a 5 
Tvr*M ao2tio» or Hg-UMP (b. water) utcrea** the 
overall ebsorpiiop by 5-15* and ioduoes a very *&*<T 
sWft in the long wavelength region of ihe spesawm. To ob- 
tain the maximum increase » absorption a noal r**™ 
eentiatioB of apprwdmately OJ-1.0 U * renolred. Bow- 
evTstmg tneStry ligands. such » "ffP?. 5 ^^ 
cyanide CSmpsen. 1961). require only a 2-Wold oml««- 
Elevated Uemeeratures (>60») also grve sanltor Bnafl 
absorption increases which, in emiti^ to the s«U effect, are 
reversible. The spectral changes resemble those ebserved on 
denalurattao ofpolynucUotidea. The ^J*^™"* 6 * 
curs in the absence of an appropriate oottuterwn for the re- 
^Wng^cu- iOT «*t3o?Zild. therefore, be taken u, to 
consid^ation when preparing or studying mctcurmudeo. 

"tte'SSra of Hg-CMP nd Hg-UMP In 1 
f Figure 4) are typical of all mercuraied C and U com- 
Lgta. The absorption maxima occur at '™ser wave- 
lengths (hy S nm) than those of the parent wnmidlnp no- 
dMtides. although the molar extinction coeuipents are es- 
fS&S*. The S-nm spectral aA*2|tfeMl» 
dkmt of the pH at wtteh tbe spectrum x*. determined. Al- 
UK crnlre spectrum of Hfi-U "PP^ 
be red shifted. U» Hg-C compound, also lack the bread 
spectral shoulder in the 230-WO-nm region clarasaenstio 
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Tabic HI: BJ^ciropfcorrtic fcroporUc* orMcicurated Nucleotides." 

Eteetropborette Motility \Q the 

Corrfeipaaaigg Konmertwutad Farm! Compound 



Nucleoli def 



Hs-ump 

HfrUTP 
Hg-CMP 

HftCTP 







pH IS 




Nome 


+ ME 


Nome 


4 ME 




aw 


ass 


OiO 


0.S8 


a 54 


a«7 


092 


0.90 


0.S7 


065 


CUM 


0-OJO 


0,90 


O40 


OSB 


0.80 


075 


072 


092 


054 


090 


0.S2 


0^5 



* EitclropuaretOB* 21111 * were run on 20 X 20 cm ceJfczlas* thhv 
ftyer plater f or 3 hr fti 300 V is tub* Q. 05 M sotfwm wwutwrtbr 
<oH 3,5) or in 0.05 amraaninni fcicBibQirstO adjnclcd to pH 7.5 
with CO. Albino 12 of tloefc nunurimideetide solutions were** 
moved end treated m tenvp**wrc wllb a tenfold motor e*c*» 
of m«riapla«)wnol Tor 5 xfltn before spotluie* Nucleotide tpoU 
were localized by »v adsorption ox by aubwadiograeby. * The 
filflctrophoretie property of nyaciirideoxyjuscleotJdBS aro UenticsS 
Tyjth tba correspond trtft ribO'Oainpovnd. 



TaTrtelViQircjjttto 


xaphic Prop 


*x{jti of McxcarQttd 




RibomideutWc* id 9 


5$Rhifio1 


-Water O0--30)/> 




Compound 




Compound 




UMP 


07J 


CMP 


oto 




037 






UDP 


O70 
048 


COP 


057 




HffCDP 


0-47 


UTP 


o*s 


CTP 


0.S3 




054 


RttCT? 


D.39 



« AD chrocnotofltwiw were run In on esceaonts fosbtan os csEetose 
tMiyfayer states, 

of C derivative. Addition ofairong mercery ligands to call 
solutions of raercBr&tsd nucleotides do not induce farther 
spectral changes even though they remove the ionic charac- 
ter of the mercury Kuhititnent by forming cov&Ienl ligartd- 
rrterearinucieatides. AUthough rnerernntrOfl reaction* Oio be 
followed spectrally by monitoring the increase m absorption 
at 290 run (for U compounds) or 293 am (for C com- 
pounds), caution should be exercised as the neTtccrolem 
TUErtarry-nticloQTlde complexes possess spectra similar to 
the covaleni derivatives One can distinguish, however, be- 
tween the tw© reactions since the nonccwnlent complexes 
fire disrupted by the addition oF CN~ or CT fams (Yamane 
and Davidson. 1961; Nandi ci nl., 1965). 

Spectiophaicrnetrtc rilralions of Hfi-UhdP and Hg^CMP 
demonstrate that the j>K a values oTthe ioarzable ring pro- 
tons are not significantly altered as a consequence of rrier- 
euratioa. The observered pKa values were: Hb/CMP. 4.6: 
CMP, 4.5: Hg-UMP, 9,7; UMP, 9.6. The hydrogen bead- 
ing characteristics or mereurated pyrimtdins -nueleotides 
should* therefore, be similar to those of the normal pyrimi° 
dines. The facility with which mercuratcd pyrimidine nude- 
aside SMriphosphatos arc cnzymatkally pifyrnerizod (Dale 
et al.. 1973), and the thermal denaturadon proOIes of poly- 
mer duplexes con tabling one Hg atom per base pair (Dale 
aad Ward. 1975), support this contention. 

Mcrcuraied nucleotides are readily distinguished from 
the parent compounds on the bases of their chromatograph- 
ic and dectronboretic properties (Tables III end IV), When 
ebcirophoresed at pH 7.5 as the chloride or carbonate salts, 
the rnertmmutlcotides exMbh a significantly slow efce- 




FTOUrb & BcCEropberetcC mdUTUy cTp^gjUMP and Hg»CMP at 
pH 75 in. Ihe prcscBse and absence c/ntertaplofllhannU Ol QDm of 
[M»Hg)UMP and p^gJCMP (ainlflinlag U X 10 s end 45 ?C 10* 
cpm, respeetSvely) nppficd » r» 30 X 20 em tbra-hiyaf eelinloso 
plate and deem^phorered for U hr « SCO V. The pbre w* dried an£ 
«Kpmed to Kodak RP/R54 fibn for 1 hr before develop menu UMP 
and CMP m»ffce« ware localked by ov adEBrnUoo. 

trophoretie mobaHiy than that of the corresponding nemmer- 
ouraled cnioleottde. Addition of sodium cyanide or mercap- 
toethanol to the samples prior to electrophoresis,, or mciu- 
sfon of mercaptocthanoJ m the olcetiophorasis buffer, in- 
creases the mobility of all reercurfnqcleo d dei to approxi- 
mately 05-95% thai of their nooracrcurated eowrterparts. 
Although the mobUily of most miaxorfnucleotJdes at pH 
3^ b only siighiiy altered on the addittaa of mcreaptoetha- 
mol, the migration of Hg-CMP increases from 0-1O to 80% 
that of CMP wWto H^UMP migration, $urprisiagly 0 de- 
creases signtficandy ► The Increase to eSee&fophore&ie ntobUt- 
ty at pH 7 JS in the presence of a mercantao (see Table III 
and Figure S) is diagnostic of eovatent Jtnftc^feueleeaides. 
llectrophoresls also provides a convenient method for o^oan* 
tilalrnp the level of Hg*+ (or noncovalent laGrarry-nacleo- 
tide complex) contarmnation in samples containing 2° 3 Hg 
radiofabal. Prolonged exposure of the menarrhiudeotides to 
a large (50-1000-fbId) eaecss of meieaplceth&floi or cya- 
nide should, however, be avoided since these ligands can 
catalyze rodoctrve denxereuroiioa. tWereuricytesme deriva- 
tives have been found to be consfderahSy more sensitive to 
this a^mercnratloa process than mercuriufflcfl compounds. 
Althoush somewbM labile in the presence of excess reduc- 
ing agents, meseurinudcotldes are quite stable under the 
conditions of most biochemical or enzymatic essays and tol- 
erate pH extremes and elevated temnerntures with KrUc, if 
any, degradation (Dale el oL, 1973). 

Direct MercuralJon qJ Palyntscl<xtildes. Sines the condi- 
tions nsed for mereurati ng pyrimidine oudoo tides were fair* 
ly mild, direct polynucleotide mercurotion was examined. 
Poly(U) was used as the test polyme? sinco It posssasses lit- 
tle ordered secondary structure at neutral pH, nor does it 
form self-duplexes at pH or below Ohe poly(C) and 
pcly(A) (Michelson et al n 1967). As shown in Figure 6, 
poly(U) can he quanUiailvery mereurated by heating for 2 
hr at 50 D In O005 */ sodhim acetate buffer (pH «,0) 
coniaiaiag & sWold molar eRcess of mercuric aeelaie. The 
rate of poly(Hg-U) formation exhibits a strildng and on w 
peeled dependence on the buffer concentration, the rate 
being signtxlcantry greater In low salt baffera (Fignres 6 and 
7). This reciprocal rdaUonship is ha sharp contrast to the 
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* 6 

Hegr* c> W'C 

mC0A£ & The kintfSd cf jr*y(U) rorcarattD**t 50* as o tendinis of 
the buffer concentration. Each 1-Ond reaction was ran in tiiplicatt 
and. ia add&OQ (o ihc indlenui eaoceatmion of sodium acfctuc* pH 
4 A or Tnt-«c«Ble» pH 6*4 biffer contained 6 X lQr* U poWU) (dJ- 
alyscd extensively ngBuul water prior to use in retnovt low rnolecotor 
wel B ht rnixcrfal) and 4x\<r>M p^mnrorfc nceiaie (specific 
aci'vJty. 1.1 X ttf cpm/pmal). Ca&icnt reaction* containing 
[»°>Hi]«mwttrie soeene polymer wc™ run for each buffer ceucen- 
i radon and iaeuhiled in parallel ai <*. AI tbc fndicatcd limes 0.3-ml 
oliQuocs were removed and pfpciied into ] JQ /u) «f ice-cold quench buff- 
er (O.OI tfTrlvKa(pH7J)^l J^EDT^i^i^K^Thocam. 
plat wore kept on let Ox 10 no*, then dial jaad « 4* BKufaff TNBkJT- 
er ((Mil M Tris-HQ baJto (pH 7 if NaCS-OJXH JF* EOT A). 

A maximum of 40 sasipfct were used per 7 L of TNE buffer. Dialysis 
was continued Tor 4ft hr with bafTcr coanaes every 12 he, or aet3 too 
rsdiooetmiy in i he etmpol rocikxu aa« only tnetgrauftd counts. The 
polymer eonlem of each sample was determined sp^roptwtomctTrcsl- 
Ty; ihc ^Hr convent offefocd by coumlrtfi dneJfeaic AQS-mJ aUquot*. 
drying on CF/A JBief*» and umn; a Packs rd sdntaialion counter. The 
pereeal of hast* mercontcd was cateulited Tram lie a **Hg 
cpm/ODjMHi ratio using a motor exlmctton cOetTirfcm of 9100 Tor 
pory(U). The radii shown are the average of (he triplicate reactions; 
iho variability between mdntfua! sampk* was usually less Oan ±3*. . 



mercurailoo el UMP wfaene the fate of reaction H essential- 
ly independent of iodic strength (Table 11). No convincing 
arguments can bo offered in explain the polynucleotide aalt 
effect. High salt could increase base stacking interaction* 
and thereby alter the electronic character of the uracil base: 
however, the observation thai $mg|e» and donblo-sbTHtdcsd 
polynucleotides are tnercurated at the same rate (see below) 
seems to make this posslbilily unlikely. Batters containing 
amine salts (eg-, Tni) lower the rate of polymer mejen ra- 
tion but not to the same extern as observed fin mononodco- 
tide reartiotts, Although complete mensuration is obtained 
within 2 far under the conditions given In Figure 6, the time 
of exposure ai 50° can be decreased to less than I hr by 
using higher levels of mercuric acetate; I ho reaction rate in- ' 
creases up to a mercuric aceUte/nucleotide ratio of 25-30: 
1' (Figure B). Poly(U) mcryuration proceeds Optimally at 
neutral pH (pH 6-7) and exhibits a tcmpcralnre cocJEdcnt 
(QIO) of approximately 2,0-2,2 (Figure* 9 and 10). With 
Tegard to these parameters, monomer and polymer mercu- 
rations are essentially identical. It ts apparent from these 
studies that poJy(U) can be extensively modified under con- 
ditions where Utile phosphodicstcr bond cleavage should 
occur. Indeed, chromatography of poJy(Hg-U) on Sepbadex 




40 

l/CButttr] (M) 

ncuaB7lTTiO rate of pclyflj) menmralioa is inversely nropOrtiooallo 
the buffer csnaxnlrauons. Dfadytnd poly(U) ($ X UJr* M) and 
p»HffJnaMuie eesnuo (M X I0 1 cprn/junol) ware redded tor t hr 
at 50* Ea QjO? v QJe2.a05»aia k Qj02Sw And OlSO U todhnaaecuie buff. 
Of (pK 6X)b The reset ions « 
mtaetegcodtoFiturtfi. 




a « 

Hour* ol WC 

FlGWtE 8: Effect of mercuric tee Late eoacenimijflo ct %bt rate of 
poly(U) Bxieuntim. AD reactions (1,0 ml) were, ran n trfpUcate m 
0.1 M sodium aecttte hufTer (pH L0) tmng 6 X ItT* M dMyzed 
poMU) and the ifldicaied eottceonaiion of P"rf a] mereorw acetate (9 
X to* cpm/fmor). Reactfons conialnioft the various eoncentntions of 
radioactrre roacnrfcaceU*e but no polymer «cte roe In parallel Sa no- 
bles were eoDccled and processed as described in the legend In Figure 



O-2O0 gave ektion profiles which were superimposablc on 
those of the pcly(tl) starting material Nuclccdy tin degm- 
dition of poIytHg-U) and analysis of the resultant nucleo- 
tides by chromatography and electrophoresis clearly dem- 
onstrate that S-mercurhiracil bases are the products ofmer- 
curaiton. The characterization and biochemical properties 
of poJy(Hg-U) are presented in the accompanying report 
(Dale and Ward, 1975). 

Polymer Dxrcoratioa exhibits the tame pattern of base 
ipcelficlty as the mononucleotide}, as judged by reactions 
with poly(C). poly(A). poty(G). and poly(T>. Since the ho- 
mopolyniers of C, A, and O precipitate hi low lank strength 
solutions upon the addition of mercuric salts, the reactions 
were done in 0.1 M sodium acesaie buffer (pH 6\0) at 50 B * 
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ROUR£ 9i Relc ot poty(Ul m&Kuriilo* *j a fanctkn pT tan per* mre, 
An reactions (IjO ml) vfbtc nw in iriptcsdo in 0.1 M sodium acettJC 
baffler (pH 6.0), wilfc 6 X I0r« A/diaJyzed perrfV) pud 4 x l(T J H 
[^Hdmcrcaric acclmtc (I J X JO 1 epel/liniDl). Smj^1« tvere enQttl* 
cd *ud prtJCewcd, wrib fippmprUie 4" commit, at detepberf in ibe leg- 
end to Figure 6. 




Hour* at wc 



ncURB 10: Mcrcoralran of poly(U) In Hi jW radium ictwte beiYer; 
P H 4 j0 (MX, pH 54 (▲). pH 6A (•), to* pH 7j0 (O). Roseuni eon- 
eerura lions and *nrfc-np tf©*S described fa Figure G. 

using only a sixfold molar excess of mercuric acetate. Al- 
though these conditions arc less than optimal, poly(U) was 
completely mereuraied In 24 hr. In contrast, less than 0.5% 
of the bases in pory(A), poly(G) ( and pohtfD we modified 
(Table V). PoJy(C) mcrcuiation proceeded a* rapidly as 
that of paly(U) for several hour*. However, the polymer 
precipitated alter 20-40% of the bases had been mereurai- 
ed. This fnielubilhy problem has prevenied onr obtaining 
Fully mertturated pnly(C) for physical studies. Naturally oc- 
curring polynucleotides do not. in general, exhibit tbc imo* 
lubnUy of the homooorymera and extensive substitution can 
be achieved in low tonic strength solutions. Figure I) fflnsv 
trate&.lhe roexcuration kinetics of 2SS rRNA, bacterio- 
phage R17 RNA, singlcsimnoVd fd DNA, and native T 7 
DNA. It is apparent from the data that the rate of rncrcura- 
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Tib 19 V: Cevdent Mctcuntion of Komopcimzxs.d 




Percent Sisai Moreoat*d 


Polymer 


ahr mm 


PeWO) 

FotytA) 
MyCQ 
PoIrOD 


113 100 

las w*> 

<O0S 0.27 
<O05 0-43 
<0J>5 0-13 



ffRezctiou* (I JO ml) containing 04 U sodium at •u>to(pHfc0), 
4X l(rAfpolymcr v wyl2X KT'lf p»ffc ) mercuric acetate U.$ 
X lO'cpm/^fywticlnmibarxdti 5Cr\ L0 ml of ice CoJdqnatcfc 
buffer (OJUaf TW*«Cl<pK7.5)-ai Af EDTA-1.0J/N«O) wu 
added to each tube tt the bidkaUd times to termini Le the xe&ctjon. 
Thcainipk3wvi01hen<hxoeutoef*pheaA]i 1 X'30 cm coluBm$«rf 
Bepfeid w G-7S u4og the hjgh salt <jwncii buffer a* efajeet* Factions 
paniamlBjt polymar Wtto pooled and ditiyzed extenrfycty <te«k«tad 
to Figure $) Wcm raVat h treg tiw percent base merantfan from- 
the —ffy cpra/OD (adsorption maximum) ratio, mlnf the folio wlfll 
mekf extinction cocffiocnUi poly CU). 9 BOD; polrfp. 7200: 
prfyfA), 1 0*5001 pely(q), 9500; mad 9200- * PoMO prt- 

ejpIbUc* from (hoieactton rafctuio after 2D-4D* of the bam* are 




httiri ms SO B C 



FICURB11: Mercuratfonof Kn RNA (■>, 23S *RNa (q). Id DNA 
(A), and native Tt DNA (•). Eaca.lJO-mJ reaction, to Sn iripRow* 
Contained fl-flOJ a/ cediina aeaouo buffer (pH 6jD) and 4 X 1<H J/ 
j^Hrimcrcnnc jodate (lJ5 X 10 7 cprn/jm»l), Tbc polymer mtdbo 
tide autcenlralwra were: rRNA ftud R17 RNA. 4.0 X 10" 4 Jf; M 
DNA+ 4.4 X \€T* W. end T? DNA. 6.1 X IQT* Af. COnCenuatlorta 
«n* based OP 101 e»ol/ODu6 m for rRNA. R17. and Id DNA and 
142 nmol/OPrt fw RilWeT 7 DNa, Alhjum* were maoved at the in- 
dlcaled tious and processed* with polymer-free controls, as previously 
described (Figures). 



ticm with hetcm polymers is corisiderably slower than that 
observed for poly(U) or poJy(C) under comparable condi- 
tions. PrtCmirtary studies' voth dinndeoside moaophos- 
pbatea, UpA, UpG, ctc l suggest that there may bo a near- 
est neighbor base effect on the rate or pyrimidine mercy ra- 
tion (R, M. K. Dak and D. C Ward, unpublished results) 
which could account, at least in part, for the observed rain 
difference. U is unlikely thai secondary structure plays a 
dorrrbiaat role in rate regulation since both native and heat- 
denatured DNA (Tr and calf thymes) and RNA* (Roo 
virus and Q0RF) react at Identical rates and to the same ' 
extent (labia VI). The observation that single- and douWe- 
slrandod polymers are mereuraied with identical Idnettes 
may appear ai first somewhat surprising 'tinea most direct 
chemical modifications of polynucleotides, for example* to-* 
dlnaiton (Comrncrford, 1971), proceed more mpidly with. 
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Table VI : Singe- and Doubled irmded folyinicIWtftlu are Me reunited at the $m Hate. 



Native CX DNA 
Native C.T. DNA 
I>tn*tV»dC,T.I>N\ 
Native T 7 DNA 
thrive T T DMA 

NitivaQpRF 
Denatured QflRF 
Native QpRF 
Denatured OdRF 
d.s.ReoKNA 
Denatured Rco 
(J.J, RcoRNA 



Barter 



°AU rcacUon* Were nunibated 
polymer c*iwanDttHcnsu*ed 
10^ AD Kiccfau mt 



Sodium acetate, pH 6.0 
Soduian acatate, pH 6,0 
SodiUaa i£ctaJe, pH 6-0 
Sodium acetate, pH 6.0 
Sgdi&St acotatc, pH 6.0 
Sodium awtik, f H 6-0 
Sodium ac*Utc, pH 7.0 
Sodium testate pH 7-0 
Trtjrotite.pK7.0 
TH»-a™iaia,pH 7.0 
Sodfrm acedia, pS 7,0 
Sodium aeoute, pH 7-0 
Tdt-aeetttB t pH7 >0 



BurCci 
Coma (M) 


teicent Total Bias Merair* ted 


Lax 


3hr 


3 hi 


aoos 


2.89 


7.42 


10.0 


aio 


140 




iSO 


0.10 


US 


3L5S 


5.46 


(LOGS 


*52 


B.67 


1*3 


a io 


L49 


4.30 


&56 


CLIO 


LS7 


4,44 


6.62 


0.025 


7-«? 


12,7 


14.8 




8.63 




16.3 


0.025 


2.24 


3.60 


J.fiO 


5.025 


2J0 


4.20 


6.01 


0.02 


2-&S 




$43 


* 0.02 


JJO 






0.02 


3.14 


2L54 


3.22 



at 50" In the picsetlct of an B- 10-/bid molar axe*** of mercuric *»tfttt 0-2 X 10» cpm/^mio^ Th» 
- Caif Ihyouu UNA. 1 x JO-* M ;T t DNA, 4-4 X * 0* aft Qd iqilltthVofdiln^ )c lO^^Re^RKA, 1 X 
J ajQ>iCTfljedfathckeendtotTgnre6- 



single-stranded polymer*. The structure of duplex polynu- 
cleotide* In the nercontion reactions ts not, however, truly 
native. Noncovalcoi H^+-poryflicr complexes are formed 
almost immediately upon addition of mercuric acetate. Al- 
though the binding of Hg 2 * Io native DNA (or RNA d* 
ploxes) does not induce complete polymer denatnratJan 
(EJchhoro and Shin, 1968; Naadj et ai., 1965}, the bound 
Hp 2 * loss must cause a local denatu ration era distortion b 
the nonnal helical structure since the Hg**-base Interac- 
tions involve amino (roups and ring nitrogens (Yq mane and 
Davidson, 1961) which are bared in the native structure. 
The true substrates in the mercumtfon of "native* polymers 
are mflBt likely structurally modified Hg* + -polymer com- 
plexes in which the sites Tor convalent modification are as 
readily accessible as those of stagje-dtraaded polynucleo- 
tides. 

As shown i n Figure 1 1, under similar reaction conditions 
rihosomal and R 1 7 RNA react at about twice the rate of fd 
and T? DMA. although all polymers have approximately 
the same A + T (U) base composition. On the basis of the 
base specificity shown ip Table V one would expect both U 
and C residues in RNA, but only C residues In DNA, to be 
modified Analysis of the chemical and owmatie degrada- 
tion products of mcrcuratcd polymers confirms this expec- 
tation (Date and Ward, 1075), provided the reaction times 
are not or extended duration (24 hr or lonficr). By increas- 
ing the mercuric icxtate/rracleoLtde ratio to 30.-1 (en 10: 1 
in Figure 1 1), quantitative modification of all reactible py- 
ri ru) dine bases can be obtained withm 8 br. However, fur- 
ther incubation at 50 s gives a slow but continual rise in the 
level of polymer bound mercury. Analyses of polymers incu- 
bated for 24 hr under such conditions reveal the presence of 
a new ^Hg-hbeled compound which comprises 3-5%. of 
the total bound mercury and possesses doctropborsiic prop- 
erties similar to that expected for 8-mercurf-GMP. The no- 
ture of this minor product was not. however, characterized 
furl her. 

Heteropolymer mcrcuraiions, iilec poly(U) reactions, pro- 
ceed optimally a; pH 6.0-7.0, although the reaction rates 
do not exhibit as striking a dependence on the buffer salt 
concentration. For example, a 20-fold decrease in bufTcr 
conccDt ration increases the mercursjfon rate or coif thymus 
and Tj DNAs by only twofold (Table VI). An tnleresting. 
and unexpected sail effect was, however, observed while 




it 

Hour f et 60-c 

HOURS 12; Mercurauca of yeast phaayIal*nyft.iRNA (A) In 041 14 
{•) and OlS M (O) Tnt-acetaiebufTcr (pH 7.0) B nd (U)m 0.05 M (•] 
and 0-5 Af (O) rodram acetate buffer (pH 7j0)\ The recalls shown are 
the average of iriplleale feienataidem. Each reaction dA ml) coc- 
sained U OD w O emol) of tRNA (5.2 X IO" 4 M coat naeketlde) 
and P^Hglmcrcurfc seeuEc |2J X ID 7 cpm//nnof), 2 X |0- J hi (A]; 
S X I0- S At (B>. AnqBaa (0.15 mJ) were removed at the indicated 
tiros and chroma to sraphed 00 I X 10 cm coltmua afScphafe* C-1S 
uf'tDE quench buJTer <ecq Table V) aa tfio rttietn: 0.4-ml frscHeoS toere 
coDeetcd and 2$ counted (n AQn*rtl to locate the lfcNA« The peak 
fraction* were pooled and dtolraed autnsl TNE buffer (ntuT-blo VJ. 
The ^Hs/tRNA ralio waa dman^ed OS prevloaaly dtwribed (fia> 
urad). 



studying the mercuradon of tRNA. In sodium acetate buff- 
ers tRNA (both purified and unf radio na ted species from 
£. colt- and yeast have been tested) undergoes extensive sub- 
stitution with kinetics similar to those observed for other 
polymers. In contrast, reactions done m Tri> acetate buffers 
yield only 4 limited number of modified bases, Results ob- 
tained with yeast pbenylalany! tRNA are illustrated in Fig- 
ure 12. From the nucleotide sequence data* (RajBhandary 
and Chang, 1969) and the base specificity or the mercuia- 
tion reaction, h is estimated that yeast tRNA? 1 " should 
possess 28 reactible pyrimidines (rihotiiyriudme, pseudouri- 
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FIGURE I3i Sttftacniauoa profile or23S rRNA af^r mcrcnraucn or 
IB&<?ri» pyrireidinc bat«. Flire ODmq of 23S RNA wai treated wfih 
[""Hgjmercurfa: acetate for 90 mfe under the coadilwws giwo in Fig- 
arc II. The reaction was quenched and chranratograpacd d Seph*dex 
G* 25 ds ddcribod io Toble V to restore e«caa taeremit cceta le, 0.1 ml 
of lbs RNA peak containing 0.1 S ODmo U4JQ90 cpm of ^^Hg) eras 
removed. 4jD OD^q ( JO ixi) of cold (23S -1- 16S) rRN^V odd*d, and lie 
temple eenirifuswl »i e eiiemsG gradient (la 0.01 W Trto-HO 

taffe (pH Af N*CHO~ s */ mcreaptoafcanoT). for tar at . 

dB.CQO rpm in sa SW 50.1 ttnor: 0.15-ml fractions w*e collected by 
baoasa punaorc, SO ffl wa» counted in 3.0 mi of Aqvasol far afln Hz 
cpm, aad i he rcsJtfoal compto «m tfh*tei to 1.0 ml w|fl» ^axet Tor 
OOao deicrniinatbas. 

dine, S.xnethylcytidine. and dftydrooridiue bang cKdudcd). 
Between 33 and 2$ Hg aioms/lRNA was introduced when 
tRNA"* was reacted for te br in 001 M sodium acetate 
buJTcr (pH 7.0), Increasing the baCfex concentration 10 0.5 
M decreased ihe rate significantly btu the reaction dees 
proceed slowly to essentially compete substitution. In con- 
trast, the extent of substitution in 0.05 M and 0.5 M Trie- 
acetate buffer (pH 7.0) appear* la be limited to about 7.2 1 
and JL0 Hg atoms/tRNA, respectively, Tbe low leveJ mer- 
curation- oJote&u In 0.S M Ttis-acctate buffer has been ob- 
served for ail tRN A species w^mrocd; It occurs in the pres- 
ence or absence of 10 mM Mg*+ ions, it is Independent of 
temperature from 30 to 50°, and ft is not significantly al- 
tered by increasing the Hg^/nudcodde ratio in the reae- 
f-fon rpwture by 20-Ibld. Schmidt ct aL, 1973, recently re* 
ported that under certain conditions ihe tbaUlc chloride cat- 
alyzed iodination of yeast tRWA 11 ** would preferentially 
occur on three cytidine rescues; two in the amino add ac- 
ceptor stem and one in the anticoden loop. The possibility 
that a similar type of slip Specific reaction if occurring when 

IfcNA is meres rated in Trls-aoetate buffers is currently 
under fnvestigatioo. 

Limited mercu rattan of hctcropoly rners does not disrupt 
their structural integrity. Tbe sedimentation profile of 23S 
rRNA is essentially unchanged after mercurotcon of 18* of 
the total pyrimcdino bases (Figure 13). Reaction conditions 
which modify 5% of the C bases in tbe circular singtc- 
atranded fd DNA (I hr at 50°) cause less than iS-fe of tbe 
molecules to Undergo a single phosphedlesler bond aissorL 
(We thank Dr. Gerald Bourguignon for analyzing the ratio 
of crrcular to linear DNA molecules (n Ihe electron micro* 
scope). The prolonged hearing at 50* {7-3 hr) required for 
extensive or quantitative mcrcu ration docs, however, intro- 
duce considerable strand cleavage. Since the liurodvctXoa of 
only a small number of mercury atoms is sufficient to give 
quantitative mention of tnercurated polymers on sulfhy* 
dryl-Sepharose, structurally intact polymer probes can be 
prepared for use in the hybridization and sejeetiveTraction- 
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ation procedure to be described (Dale and Ward. 1973). 
Discussion 

The rncrcurinucleotidcs described in this paper represent 
a new class of nucleotide analogs which have a nambtr of ' 
unusual and potentially useful properties. Being orgenomer- 
eurlal compounds, they do not possess the same degree of 
chemical stability as classical nucleotides although they are 
relatively stable in aqueous solutions free of excess reducing 
agents. Little, if any, cleavage of the mercury-carbon band 
occurs under physiological conditions and only a few per- 
cent hydrolysis occurs after standing for 3-4 days at room 
temperature in 0.01 M HQ or 0.01 M NaOH. The com- 
pounds therefore appear to be sufficiently stable to be uti- 
lized as heavy atom derivative* for X-ray crystal tographic 
studies* Indeed, the enzymatic incorporation of a single 
Hg-CMP residue into the amino acid acceptor stem of 
tRN A has been achieved (Darling, Dale, and Ward, unpub- 
lished results; P, Sig)er, personal comma ni cation) and crys- 
tals of mcTcuratcd yeast lRNA™ a obtained (P. Sfeler. per- 
sonal eommonlcaiioft). Toe Ugh affinity of organomercB- 
rials fbr tnercaptans (association constants of about 10** 
compared to 10* for ecstate, Sistpsoa» 1961) makes the 
merou^ucieOTides canveaient **8taTtcr t * molecules for the 
in situ synthesis of a variety of nucleotide merctsrithieestcr*. 
These compounds can be used directly to probe some of tbe 
sterie parameters of enzyme nucleotide binding sites. By 
such mcrcaptan manrpelmioaa *re have observed that the 
nucleotide binding; sites of template dependent DNA and 
RNA polymerases are RUrlcalry quite different from those 
of other polynucleotide binding protein* (Dale el aU 1973; 
Dale and Ward, unpublished results). These observations 
suggest thai mercurinueleottdea may have general utOily as 
probes of both protein and polynucleotide structure. 

Although sufficiently stable to permit routine biochemi- 
cal studies, the naerrury-^arbon bond is extremery sensitive 
to cleavage by slectrophlles and reducfag agents. This ne- 
cessitates certain precautions in their handling. For exam- 
ple, the presence of hydroqolnones or other antioaWanio in 
phenol, ccCh vnH ra^dry catalyze ocwerctaratlea. Sbnilarly, 
when uUlfzbul mercapten (or cyanide) Hsands, the tnercap- 
tan/Hg ratio should be maintained as close to unity as ex- 
pcrtrnentnjly fcasihle dnce h large mercaptftn excess rrill 
also cause dentercuyatloa. The lability of the mercury-car- 
bon bond to such agents can, however, be put to useful ad- 
vantage. Treatment of mercurmudeotides (and mercuretod 
polynucleotides) vrilh 1* ^broroc^uccmiirude. 07 pH]sC- 
djum bcrohydride has been found m rapidly generate the 
corresponding iodroated, brommated, and tririated com- 
pounds (Dalet Livingston and Ward, manuscript in prepa» 
ration), Tbe wilfoltan o? r^olndmatlon of polynucleotides 
via mcrcuri intermediates is done under very raQd condi- 
tions and produces ao cmril bydrales in RN A. This method 
should have some utility In too preparation of radiolabeled 
oli go- and r»ryuucIeotidcs, partlenlarly for enzyme binding 
or in Bhu hyhridteeflun studies. Some addition properties 
and applications of mercuralcd polymers are described 10 
the following paper (Dale and Ward* 1973). 
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